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(54) RANDOM ACCESS SYSTEM FOR MOBILE COMMUNICATION 



(57) The transfer time of mobile communication is 
shortened by preferentially securing a required number 
of time slots used for transfer. A base station (BS) which 
has received a packet (P1) transmits a signal Busy and 
an echo signal at the end of a first time slot (TS) starting 
at time (t4). The station (BS) recognizes that another 
packet ( 1 ) following the packet (P1 ) is present, and trans- 
mits a signal Reserve at the end of a second time slot 



(TS) starting at time (t5). A mobile station (MS-A) recog- 
nizes that the first time slot has been secured by detect- 
ing the signal Busy and the echo signal and that the 
second time slot is also secured by detecting the signal 
Reserve. Thus high-speed transfer is performed by con- 
tinuously using the first and second time slots. 
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Description 

Technical Field 

This invention relates to, for example, a random 
access system of a mobile communication system suit- 
able for accessing common access channels of a TDMA 
mobile communication system. 

Background Art 

TDMA (Time division multiple access) system, 
which uses each of time slots into which a frame is par- 
titioned as a traffic channel, is widely used for a digital 
mobile communication. In this system, a single slot (i.e., 
the slots having the same number) generally forms a 
channel, and each mobile station accesses a base sta- 
tion using the unit of the slot having the same number. 

In the case of packet communication, the data trans- 
fer rate is higher if a plurality of time slots are used suc- 
cessively. For example, as shown in FIG. 1, in the case 
that one frame consists of three slots, using two succes- 
sive time slots for transferring packets will improve the 
rate drastically (about twice as fast). 

In FIG. 1 , (A) shows transmission time slots gener- 
ated by the base station BS. (B) shows data transmission 
timing of the mobile station MS-A. The sequence shown 
in FIG. 1 is based on the frame specified by Personal 
Digital Cellular Telecommunication System RCR Stand- 
ard in Japan, RCR STD-27B, and the time slot of the 
mobile station is shifted by a pre-determined time interval 
with respect to the transmission time slot of the base sta- 
tion. The receiving time slots of the base station BS (i.e., 
the slot synchronizing to the transmission timing of the 
mobile station) are not shown in this figure for simplicity. 
The transmitting and receiving sequences which appear 
in the following explanations are also based on the same 
standard as in FIG. 1 . 

In the state shown in FIG. 1 . all time slots TS in the 
frame F beginning at time t1 are in idle states. At the final 
portion of the first time slot TS within this time frame, data 
"IDLE", which shows that the time slotTS is idle, is trans- 
mitted. The mobile station MS-A, which received this 
data "IDLE", transmits packet data P1 at time tr in the 
time slot TS which is shifted by a pre-determined time 
interval. Similarly, at the final portion of the second time 
slot TS which begins at time t2, data "IDLE" is transmitted 
from the base station BS. The mobile station MS-A, 
which received this data "IDLE", transmits packet data 
P2 at time t2' which is shifted by a pre-determined time 
interval. 

The base station BS which received packets P1 and 
P2 generates, in the first time slot TS beginning at time 
t3, a "BUSY" signal which corresponds to the reception 
of packet P1, and generates, in the second time slot TS 
beginning at time t4, another "BUSY" signal which cor- 
responds to the reception of packet P2. As a result, other 
mobile stations stop transmitting their data in response 
to the reception of the "BUSY" signal and avoid telecom- 
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munication collisions. The mobile station MS-A whose 
transmission channel has been assigned recognizes the 
establishment of a communication with the base station 
BS by receiving the "BUSY" signal showing the commu- 

5 nication with the station MS-A itself, and then generates 
the next generative packets P3 and P4 successively. The 
"BUSY" signals which correspond to the reception of 
packets P3 and P4 are generated from the base station 
BS in the first and second time slots TS of the next frame 

io which is shifted by a pre-determined time interval. Then 
the mobile station MS-A transmits packets P5 and P6 by 
the same procedure. 

In the following a case of a communication collision 
from two mobile stations is explained. Referring to FIG. 

is 2, (A) shows the time slots generated by the base station 
BS. (B) and (C) show the transmission timings for mobile 
stations MS-A and MS-B respectively. 

The mobile station MS-A in this figure requests to 
transmit packets by using two successive time slots as 

20 in the case of FIG. 1. The first packet P1 has been 
received by the base station BS on the same timing as 
FIG. 1 . tn this figure, the mobile station MS-B generates 
a transmission request, at the same time t2' as the 
mobile station MS-A transmits packet P2. The base sta- 

25 tion BS, after receiving the transmitting signal from the 
mobile station MS-B, generates a "BUSY" signal which 
shows the establishment of a communication with the 
mobile station MS-B, at the final portion of the slot TS 
beginning at time t4. As a result, the mobile station MS- 

30 A, knowing that packet P2 is not received, makes a re- 
transmission by using the first time slot in which the com- 
munication has been already secured. Namely, the 
mobile station MS-A receives the "BUSY" signal which 
shows the communication failure with station MS-A at the 

35 final portion of the time slot TS beginning at time t4, and 
re-transmits packet P2 at time t4'. A "BUSY" signal cor- 
responding to packet P2 is generated by the base station 
BS in the first time slot TS in the frame F which begins 
at time t5. 

40 On the other hand, the mobile station MS-B 
receives, at the final portion of the time slot TS beginning 
at time t4, the "BUSY" signal which shows the establish- 
ment of a communication with the mobile station MS-B, 
and transmits the next packet P2' at time t4" which is 

45 shifted by a pre-determined time interval. The base sta- 
tion BS, which received the packet P2', generates a 
"BUSY" signal in the second time slot TS in the frame 
which begins at time t5. In the manner described above, 
the first time slot in the receiving frame (not shown) at 

so the base station BS is used by the mobile station MS-A, 
and the second time slot is used by the mobile station 
MS-B. Here, as clearly understood by the transferring 
state shown in (B) in FIG. 2, the mobile station MS-A tried 
to transmit packets by using two successive time slots, 

55 however only one time slot was used in the state shown 
in FIG. 2. Thus, the desired transferring rate was not 
achieved. 

As described above, in a conventional random 
access system, there is a disadvantage that even when 
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more than two time slots are used in order to shorten the 
transferring period, there is a possibility of a collision of 
the packets after the first packet in the existence of two 
competing mobile stations. Therefore desired transfer- 
ring rate is not guaranteed due to the reduction of the 
transferring efficiency of the radio channel and possible 
shortening of the number of time slots available. 

Disclosure of Invention 

In view of the foregoing, it is an object of the present 
invention to provide a random access system which is 
capable of giving priority to assign the required number 
of slots, thus avoiding deterioration of efficiency of the 
radio channel due to the collision, and therefore short- 
ening the transferring period when using a plurality of 
time slots in transferring. 

In order to achieve the above mentioned object, a 
first aspect of the present invention provides a random 
access system for mobile communication which includes 
a base station and first and second mobile stations which 
access a TDMA common access channel generated by 
the base station, wherein the base station has means for 
detecting "IDLE", "BUSY", and "RESERVED" states of 
each time slot of the common access channel, means 
for broadcasting a detected state to a communication 
area of the base station, means for permitting communi- 
cation with the first mobile station and setting time slot A 
to the "BUSY" state when the first mobile station 
accesses the time slot A which is in the "IDLE" state, and 
means for setting time slot B to the "RESERVED" state 
when the first mobile station requires the time slot B suc- 
cessively, the first mobile station has means for using a 
time slot having an identical number with a number of a 
recognized time slot in a case that the first mobile station 
recognizes the time slot which is in the "BUSY" or 
"RESERVED" state for the first mobile station, and the 
second mobile station has means for postponing signal 
transfer until the "IDLE" state is broadcasted in a case 
that the time slot is in the "BUSY" or "RESERVED" state 
for the first mobile station. 

Here, the time slot A is an arbitrary time slot which 
is in the "IDLE" state, and said time slot B is an arbitrary 
time slot other than said time slot B. 

According to a second aspect of the present inven- 
tion there is provided a random access system for mobile 
communication which includes a base station and first 
and second mobile stations which access a TDMA com- 
mon access channel generated by the base station, 
wherein the base station has means for detecting "IDLE", 
"BUSY", and "RESERVED" states of each time slot of 
the common access channel, means for broadcasting a 
detected state to a communication area of the base sta- 
tion, means for permitting communication with the first 
mobile station and setting time slot A to the "BUSY" state 
when the first mobile station accesses the time slot A 
which is in the "IDLE" state, and means for setting time 
slot B to the "RESERVED" state when the first mobile 
station requires the time slot B successively, and means 



for accepting an access from said second mobile station 
in said time slot B, when transfer from said second mobile 
station ends by said access from said second mobile sta- 
tion, the first mobile station has means for using a time 

5 slot having an identical number with a number of a rec- 
ognized time slot in a case that the first mobile station 
recognizes the time slot which is in the "BUSY" or 
"RESERVED" state for the first mobile station, and the 
second mobile station has means for postponing signal 

w transfer until the "IDLE" state is broadcasted in a case 
that the time slot is in the "BUSY" or "RESERVED" state 
for the first mobile station. 

According to a third aspect of the present invention 
there is provided a random access system for mobile 

15 communication which includes a base station and first 
and second mobile stations which access a TDMA com- 
mon access channel generated by the base station, 
wherein the base station has means for detecting "IDLE", 
"BUSY", and "RESERVED" states of each time slot of 

20 the common access channel, means for broadcasting 
detected state to a communication area of the base sta- 
tion, means for permitting communication with the first 
mobile station and setting time slot A to the "BUSY" state 
when the first mobile station accesses the time slot A 

25 which is in the "IDLE" state, means for setting time slot 
B to the "RESERVED" state when the first mobile station 
requires the time slot B successively, and means for 
accepting an access from the second mobile station in 
the time slot B, when transfer from the second mobile 

30 station ends by the access from the second mobile sta- 
tion, the first mobile station has means for using a time 
slot having an identical number with a number of a rec- 
ognized time slot in a case that the first mobile station 
recognizes the time slot which is in the "BUSY" or 

35 "RESERVED" state for the first mobile station, and the 
second mobile station has means for postponing signal 
transfer until the "IDLE" state is broadcasted in a case 
that the time slot is in the "BUSY" or "RESERVED" state 
for the first mobile station. 

40 According to a fourth aspect of the present invention 
there is provided a random access system for mobile 
communication which includes a base station and first 
and second mobile stations which access a TDMA com- 
mon access channel generated by the base station, 

45 wherein the base station has means for detecting "IDLE", 
"BUSY", and "RESERVED" states of each time slot of 
the common access channel, means for broadcasting 
detected state to a communication area of the base sta- 
tion, means for permitting communication with the first 

so mobile station and setting a time slot to the "BUSY" state 
when the first mobile station accesses the time slot which 
is in the "IDLE" state, means for setting a later time slot 
to the "RESERVED" state when the first mobile station 
requires the later time slot successively, and means for 

55 accepting an access from the second mobile station in 
the later time slot and setting the later time slot to the 
"BUSY" state, the first mobile station has means for using 
a time slot having an identical number with a number of 
a recognized time slot in a case that the first mobile sta- 
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tion recognizes the time slot which is in the "BUSY" or 
"RESERVED" state for the first mobile station, and the 
second mobile station has means for postponing signal 
transfer until the "IDLE" state is broadcasted in a case 
that the time slot is in the "BUSY" or "RESERVED" state 
for the first mobile station. 

According to the above mentioned aspects of the 
present invention, it is possible to give priority to assign 
the required number of time slots, and thus to shorten 
the transferring period when using a plurality of time slots 
in transferring. 

Brief Description of Drawings 

FIG. 1 shows transmitting and receiving sequences 
of a conventional communication system. 

FIG. 2 shows transmitting and receiving sequences 
in the case that transferring signals from two mobile sta- 
tions collide in the conventional communication system. 

FIG. 3 is a block diagram schematically showing a 
mobile communication system to which the present 
invention is applied. 

FIG. 4 shows transmitting and receiving sequences 
of the communication system according to the first 
embodiment of the present invention. 

FIG. 5 shows transmitting and receiving sequences 
in the case of using three time slots according to the first 
embodiment. 

FIG. 6 shows transmitting and receiving sequences 
of the communication system according to the second 
embodiment of the present invention. 

FIG. 7 shows transmitting and receiving sequences 
in the case of using three time slots according to the sec- 
ond embodiment. 

FIG. 8 shows transmitting and receiving sequences 
of the communication system according to the third 
embodiment of the present invention. 

FIG. 9 shows transmitting and receiving sequences 
according to a modified third embodiment. 

FIG. 10 shows transmitting and receiving 
sequences in the case of using three time slots according 
to the third embodiment. 

FIG. 11 shows transmitting and receiving 
sequences according to another modified third embodi- 
ment. 

Best Mode for Carrying Out the Invention 

(1) First embodiment 

1 . A case using two time slots 

FIG. 3 is a block diagram schematically showing a 
mobile communication system to which the present 
invention is applied. The mobile stations MS-A and MS- 
B access the base station BS by using a carrier of fre- 
quency F1 (uplink). These accesses are random 
accesses of TDM A system as in the case shown in FIGS. 
1 and 2. 
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When the mobile station MS-A moves into the adja- 
cent cell, the base station BS' is accessed by using a 
carrier of frequency F2 (upward). A control station 5 con- 
trols the base stations BS and BS' and properly connects 

5 the base stations BS and BS' to a network 6. 

Referring to FIG. 4, a random access system 
according to the first embodiment will be described. In 
FIG. 4, the base station BS broadcasts a B/l/R flag and 
an echo ("Echo") to an area thereof, at the final portion 

io of each time slot TS. Here, a B/l/R flag is constructed by 
one of three kinds of signals, "BUSY", "IDLE", and 
"RESERVED". As previously mentioned (refer to FIGS. 
1 and 2), the "BUSY" and "IDLE" signals show "BUSY" 
and "IDLE" states of a time slot respectively. The 

is "RESERVED" signal, which is newly introduced by the 
present invention, shows that the time slot is reserved by 
one of the mobile stations. 

Now, the "IDLE" signal is generated at the final por- 
tion of time slot TS which begins at time tl , and the 

20 mobile station MS-A, after recognizing this signal, trans- 
fers packet Pi at time t1 '. The base station BS receives 
this packet PI and generates a "BUSY" signal and an 
echo at the final portion of the first time slot TS which 
begins at time t4. Also, the mobile station MS-A gener- 

25 ates data which show the number of transferring packets 
in the header of packet P1. Then, the base station BS 
recognizes that there are packets following packet P1 
and reserves the next time slot for the mobile station MS- 
A, if the time slot is available. In this case, the next time 

30 slot, i.e., the second time slot is reserved for the mobile 
station MS-A. 

On the other hand, an "IDLE" signal is also gener- 
ated at the final portion of time slot TS which begins at 
timet2. In the case shown in the figure, the mobile station 

35 MS-B, which recognized this signal, transfers packet P1 ' 
at time t2'. The base station BS accepts this packet P1 ' 
if the packet P1' is the only packet or the final packet. 
After accepting packet P1' at time t2', the base station 
BS generates a "RESERVED" signal for the mobile sta- 

40 tion MS-A at the final portion of the second time slot TS 
which begins at time t5. 

The information of whether or not packet P1 ' is either 
only or final packet is transferred in the header of the 
packet P1 '. However, if it is the final packet of continuous 

45 packets, data showing the number of packets are trans- 
ferred in the header of the first packet, and accordingly 
the base station BS learns that packet P1' is the final 
packet. 

At the final portion of time slot TS beginning at time 
so t4, a "BUSY" signal which is due to communication with 
the mobile station MS-A is generated. The mobile station 
MS-A. recognizing this "BUSY" signal and the echo 
thereof, learns that the first time slot TS is secured as a 
channel available to the station MS-A. At time t4', the 
55 mobile station MS-A transfers the next signal, packet P2. 
The packet P2 is received by the base station BS at 
transferring time (time t4'), and a "BUSY" signal is gen- 
erated from the base station BS in the time slot TS which 
begins at time t7. 
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The mobile station MS-A recognizes the 
"RESERVED" signal at the final portion of the time slot 
TS which begins at time t5, and learns that the second 
time slot is also secured as its channel. In this case, the 
echo belongs to the mobile station MS-B. When a 
"RESERVED" signal is generated in the next time slot to 
the one in which the echo of the station MS-A is recog- 
nized, the "RESERVED" signal is recognized as the res- 
ervation for the station MS-A. Therefore, at time t5', the 
mobile station MS-A transfers packet P3 which is the sig- 
nal to be transferred next. The base station BS, after 
receiving this packet P3, transmits a "BUSY" signal at 
the final portion of the second time slot TS which begins 
at time t8. In the manner mentioned above, the mobile 
station MS-A can use the first and second time slots TS 
of each frame, and accordingly can execute fast trans- 
ferring using the two time slots. 

In this case, accesses by other stations are forbid- 
den because of the "RESERVED" signal generated in 
the second time slot which begins at time t5, and thus 
the second time slot is certainly accessed by the mobile 
station MS-A. Therefore, the mobile station MS-A can 
certainly execute the signal transfer using the two time 
slots and the transferring rate is guaranteed. 

In the second time slot TS which begins at time t1 1 , 
the base station BS recognizes that this is the last packet 
to be received in the second time slot, by the number of 
the packets to be transferred from the mobile station MS- 
A, generates an "IDLE" signal at the final portion of the 
slot, and allows other mobile stations to access the base 
station. Inthesame manner, inthefirst time slot TS which 
begins at time H3, the base station BS generates an 
"IDLE" signal at the final portion of the slot and allows 
other mobile stations to access the base station. 

2. A case using three time slots 

The above mentioned case uses two time slots in 
signal transfer. However, it is also possible to use three 
time slots in this embodiment. FIG. 5 shows transferring 
and receiving sequences in this case. 

The base station BS, receiving packet P1 in the first 
time slot in a receiving frame, generates a "BUSY" signal 
at the final portion of the first time slot of transmitting 
frame which begins at time t4. Since the mobile station 
MS-A transmits data which show the number of packets 
to be transferred in the header of packet Pi , the base 
station BS recognizes that there should be other packets 
following packet P1 . In this case, since the mobile station 
MS-A transfers packets by using the first to third time 
slots, the base station BS makes sure that the second 
and third time slots TS, which are the next receiving time 
slots, should be "RESERVED" states. The "RESERVED" 
signal is generated at the final portions of the second and 
third time slots which begin at times t5 and t6 respec- 
tively, and accesses from other mobile stations are pro- 
hibited in the next frame. 

When the mobile station MS-B transfers packet P1' 
which is the only or the final packet in the timing shown 



in (C) of FIG. 5. this packet PV is accepted even in the 
"RESERVED" time slot in the same manner mentioned 
above. 

Next, the mobile station MS-A receives the "BUSY" 

5 signal which is due to the station MS-A itself at the final 
portion of time slot TS beginning at time t4 and the 
"RESERVED" signals following the "BUSY" signal at the 
final portions of time slots TS beginning at times t5 and 
t6. As a consequence, the mobile station MS-A transfers 

to three packets P2, P3, and P4attimest4', t5', andt6' suc- 
cessively. The base station which receives those packets 
is to generate "BUSY" signals in time slots which begin 
at times t7, t8. and t9. In this manner, the mobile station 
MS-A can conduct fast transferring by using three time 

15 slots successively. 

However, in time slots TS which begin at times t9, 
t10, and t1 1 , the base station BS knows that the packets 
are the last of the third, first, and second time slots 
respectively. Therefore, the base station BS generates 

20 "IDLE"signalsatthefinalportionsof thoseslots, allowing 
other mobile stations to access in the next frame. 

(2) Second embodiment 

25 Next, a second embodiment of the present invention 
will be explained. Since the second embodiment is basi- 
cally the same as the first embodiment, only the differ- 
ences will be described. As shown in FIG. 6, the 
transmitting time slot TS beginning at time 11 shows a 

30 reservation for the mobile station MS-A. In the first 
embodiment, when the mobile station MS-B accesses 
the reserved time slot, under a certain condition (in the 
case that packet P1 ' is the only or final packet), the trans- 
ferred signal was accepted. In this second embodiment, 

35 however, the transferred signal is not accepted even in 
that condition, and a re-transmission is requested to the 
mobile station MS-B. 

As a consequence, the mobile station MS-A trans- 
fers signals as in the case shown in FIG. 4. However, the 

40 mobile station MS-B begins re-transfer only after recog- 
nizing an "IDLE" signal generated in time slot TS begin- 
ning at time t2. The base station BS receives the 
transferred signal at this time, and as a result, a "BUSY" 
signal is generated in the second time slot TS which 

45 begins at time t3. In this case, the base station BS, in the 
same manner as the first embodiment, learns that the 
mobile station MS-B is requesting multiple packets trans- 
fer, reserves the next receiving time slot, and generates 
a "RESERVED" signal in the first time slot TS which 

so begins at time t4. 

As described above, in the second embodiment, sig- 
nals of the mobile station MS-B are not received in the 
"RESERVED" time slot, but are accepted continuously 
only after finishing communication with the mobile sta- 

55 tion MS-A. Therefore, the signal transfer of the mobile 
station MS-B is conducted continuously from the first to 
final packet without any interruption. 

FIG. 7 shows a transferring sequence in the case of 
using three time slots in transferring. This sequence is 
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also similar to the above mentioned sequence using two 
slots; packet P1 ' is not accepted in receiving time slot of 
the base station BS when the mobile station MS-B gen- 
erates the packet PV for the first time, and a 
"RESERVED" signal for the mobile station MS-A is gen- 5 
erated in time slot which begins at time tl . Therefore, the 
mobile station MS-B starts packet transfer after receiving 
an "IDLE" signal generated in time slot TS which begins 
at time t2. 

10 

(3) Third embodiment 

Referring to FIG. 8. the third embodiment of the 
present invention will be described. While this embodi- 
ment is also similar to the first embodiment, there are 15 
differences such that, when a "RESERVED" time slot is 
accessed by another mobile station, reservation is can- 
celed, the signal of the newly accessing the mobile sta- 
tion is accepted, and the "BUSY" signal for the time slots 
is generated. 20 

For example, as shown in FIG. 8, since the mobile 
station MS-A has a plurality of packets to be transferred, 
the next time slot TS is "RESERVED" for the mobile sta- 
tion MS-A. When there is no access from other mobile 
stations in this "RESE RVED" time slot, the "RESERVED" 25 
signal is generated in the transmitting time slot as it is, 
and secures the use of the mobile station MS-A. The 
sequence in this case is similar to that in the previously 
mentioned first embodiment. However, for example, 
when the mobile station MS-B accesses in 30 
"RESERVED" time slot, the base station BS accepts this 
and generates a "BUSY" signal at the final portion of 
transmitting time slot TS corresponding to the accepted 
time slot. As a result, the second time slot is used by the 
mobile station MS-B hereafter, and accordingly mobile 35 
stations MS-A and MS-B transfer packets alternately. 

In this embodiment, the base station BS generates 
an "IDLE" signal at the final portion of transmitting time 
slot TS (time slot which begins at time t3) corresponding 
to the time slot which accepted the final packet of the to 
mobile station MS-B. Nevertheless, the mobile station 
MS-A keeps the former time interval of signal transmis- 
sion and continues transferring until the last packet. 

It is possible, however, as shown in FIG. 9, to trans- 
mit a "RESERVED" signal at the final portion of transmit- 45 
ting time slot corresponding to the time slot which 
accepted the last packet of the mobile station MS-B, and 
to give the mobile station MS-A priority to use the second 
time slot TS of the next frame. 

As described above, in this embodiment, if there is so 
no access from other mobile stations in the 
"RESERVED" time slot, priority is given to the mobile sta- 
tion MS-A which accessed by the same way as in the 
first embodiment. While when there is an access from 
another mobile station in the "RESERVED" time slot, the 55 
access is accepted and both stations communicate alter- 
nately. 

Therefore, as shown in FIG. 8, in the case that the 
mobile station MS-A tries signal transfer using two time 
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slots and that another mobile station accesses a 
"RESERVED" time slot, there is no significant difference 
in the transferring rate from the conventional system 
(refer to FIG. 1). However, when a mobile station trans- 
fers signals using more than or equal to three time slots, 
the mobile station which accessesf irst has an advantage 
in transferring rate. 

This point will be explained as follows. As shown in 
FIG. 10, the base station BS which accepted the signal 
from the mobile station MS-A generates a "BUSY" signal 
in time slot TS which begins at time t1 , and sets the states 
of the two successive time slots to "RESERVED" states. 
On the other hand, when the mobile station MS-B gen- 
erates packet P1' immediately after the mobile station 
MS-A transfers packet P1 . the packet P1 ' is accepted by 
the base station BS. Accordingly the base station BS 
generates "BUSY" signal at the final portion of transmit- 
ting time slot TS (time slot which begins at time t2) cor- 
responding to the accepted time slot. 

As a consequence, the mobile station MS-A, at the 
final portions of time slots TS which begin at times t2 and 
t3, recognizes "BUSY" and "RESERVED" signals 
respectively. As a result, the mobile station MS-A trans- 
fers the next packets P2 and P3 at times t2' and t3' 
respectively. On the other hand, the mobile station MS- 
B receives, at the final portion of the time slot beginning 
at time t2, the "BUSY" signal and an echo of the station 
MS-B itself. Accordingly the base station MS-B recog- 
nizes that the second time slot is assigned and transfers 
the next packet P2' at time t2". 

As a result, the mobile station MS-A transfers sig- 
nals using the first and third slots, and the mobile station 
MS-B transfers signals using the second time slot. 
Therefore, the mobile station MS-A has a transferring 
rate twice as fast as that of the mobile station MS-B. 

(4) Modified embodiment 

The present invention is not limited to the above 
mentioned embodiments. For example, various modifi- 
cations can be applied as described below. 

1. In the embodiments described above, each 
mobile station determines, whether or not a "BUSY" 
signal depends on communication of the mobile sta- 
tion itself, by receiving the echo. However, this can 
be determined by using signals other than the echo. 
For example, codes which identify the mobile station 
can be used to determine this. 

2. Although the number of the time slots used in the 
above mentioned embodiments was two or three, 
the scope of the present invention is not limited to 
those cases, and any number of time slots can be 
used. 

3. In a random access system, when transmission 
request of a mobile station is not accepted, the 
mobile station generates the transmission request 
again. In this occasion, two kinds of systems can be 
considered. In one system, the transmission request 
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is repeatedly generated to the channel thef irst trans- 
mission 'request was done. In another system, idle 
channels are actively searched and the transmis- 
sion request is generated to the idle channel. While 
the former system was adopted in the above men- 5 
tioned embodiments, the latter system can be also 
adopted. 

The former system is suitable for the case that 
data quantity of single communication is small since 
the waiting time is relatively short in this case. On to 
the other hand, the search takes time in the latter 
system since it is necessary to have steps such as 
the frequency conversion of a synthesizer. However, 
when data quantity of single communication is large, 
the time spent for the search is shorter than the wait- is 
ing time of the former system. Therefore, which sys- 
tem to use can be decided in compliance with the 
average communication period per one event. 

4. In a system mentioned in the above embodiment, 

in which a transmission request is repeatedly gen- 20 
erated to the channel on which the first transmission 
request was done, a random delay system can be 
adopted. Namely, by randomly distributing the time 
periods from the time when the transmission request 
is denied to the time when the transmission request 25 
is generated again among mobile stations, the con- 
centration of many transmission requests to one 
"IDLE" channel can be avoided. 

5. The system in which more than one time slots are 
assigned to a single mobile station is not limited to 30 
the one in the above mentioned embodiments, and 
other various systems can be applied. One example 

will be described referring to FIG. 11. 

In the system of this modified example, idle or 
busy states of slots are not notified to mobile stations 35 
MS-A nor MS-B. In mobile stations MS-A and MS- 
B, when transmission data are generated, these 
data are transmitted to the base station BS at the 
time when the transmission is possible. In this case, 
a plurality of slots of a single frame are used. In this 40 
system, since the base station BS does not control 
idle channels, the transmission data of the mobile 
station MS-A and MS-B often collides with each 
other. In the case of the collision the behavior varies 
depending on reception field levels at the base sta- 45 
tion BS. Namely, when the reception field level of one 
of the mobile stations MS-A and MS-B is consider- 
ably higher than that of the other, the data having 
the higher level is received by the base station BS. 

On the other hand, when the difference of the 50 
reception field level is small, neither of the data are 
received. It is preferable that when the base station 
BS receives data from one of the mobile stations, 
the base station BS responds to the reception of the 
data of the mobile station. 55 

6. In the above mentioned embodiments, it was nec- 
essary for mobile stations MS-A and MS-B to trans- 
mit the number of units (the number of packets) 
which are to be transmitted. However, it is also pos- 
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sible that mobile stations MS-A and MS-B transfer, 
in the time slot just before the last one. a last unit 
notification signal which notifies that the last unit is 
transferred, and that the base station BS. in the case 
of receiving the last unit notification signal, sets the 
time slot in which the last unit is received to an 
"IDLE" state. In this manner, the data transmission 
can be started, even when the total number of units 
are unknown. 

Claims 

1 . A random access system for mobile communication 
comprising a base station and first and second 
mobile stations which access a TDMA common 
access channel generated by said base station, 
wherein: 

said base station has means for detecting 
"IDLE", "BUSY", and "RESERVED" states of each 
time slot of said common access channel, means for 
broadcasting detected state to a communication 
area of said base station, means for permitting com- 
munication with said first mobile station and setting 
time slot A to said "BUSY" state when said first 
mobile station accesses said time slot A which is in 
said "IDLE" state, and means for setting time slot B 
to said "RESERVED" state when said first mobile 
station requires said time slot B successively; 

said first mobile station has means for using 
a time slot having an identical number with a number 
of a recognized time slot in a case that said first 
mobile station recognizes said time slot which is in 
said "BUSY" or "RESERVED" state for said first 
mobile station; and 

said second mobile station has means for 
postponing signal transfer until said "IDLE" state is 
broadcasted in a case that said time slot is in said 
"BUSY" or "RESERVED" state for said first mobile 
station. 

2. A random access system for mobile communication 
comprising a base station and first and second 
mobile stations which access a TDMA common 
access channel generated by said base station, 
wherein: 

said base station has means for detecting 
"IDLE", "BUSY", and "RESERVED" states of each 
time slot of said common access channel, means for 
broadcasting detected state to a communication 
area of said base station, means for permitting com- 
munication with said first mobile station and setting 
time slot A to said "BUSY" state when said first 
mobile station accesses said time slot A which is in 
said "IDLE" state, means for setting time slot B to 
said "RESERVED" state when said first mobile sta- 
tion requires said time slot B successively, and 
means for accepting an access from said second 
mobile station in said time slot B, when transfer from 
said second mobile station ends by said access from 




EP0 720 310 A1 



7 



13 

said second mobile station; 

said first mobile station has means for using 
a time slot having an identical number with a number 
of a recognized time slot in a case that said first 
mobile station recognizes said time slot which is in 5 
said "BUSY" or "RESERVED" state for said first 
mobile station; and 

said second mobile station has means for 
postponing signal transfer until said "IDLE" state is 
broadcasted in a case that said time slot is in said w 
"BUSY" or "RESERVED" state for said first mobile 
station. 

3. A random access system for mobile communication 
comprising a base station and first and second )5 
mobile stations which access a TDMA common 
access channel generated by said base station, 
wherein: 

said base station has means for detecting 
"IDLE", "BUSY", and "RESERVED" states of each 20 
time slot of said common access channel, means for 
broadcasting detected state to a communication 
area of said base station, means for permitting com- 
munication with said first mobile station and setting 
a time slot to said "BUSY" state when said first 25 
mobile station accesses said time slot which is in 
said "IDLE" state, means for setting a later time slot 
to said "RESERVED" state when said first mobile 
station requires said later time slot successively, and 
means for accepting an access from said second 30 
mobile station in said later time slot and setting said 
later time slot to said "BUSY" state; 

said first mobile station has means for using 
a time slot having an identical number with a number 
of a recognized time slot in a case that said first 35 
mobile station recognizes said time slot which is in 
said "BUSY" or "RESERVED" state for said first 
mobile station; and 

said second mobile station has means for 
postponing signal transfer until said "IDLE" state is 40 
broadcasted in a case that said time slot is in said 
"BUSY" or "RESERVED" state for said first mobile 
station. 

4. A random access system as claimed in claim 3, 45 
wherein said base station further has means for set- 
ting a time slot corresponding to said last unit of said 
second mobile station to said "RESERVED" state for 
said first mobile station, when signal transfer of said 
second mobile station ends and signal transfer of so 
said first mobile station continues after both said first 
and second mobile station accessed said base sta- 
tion. 

5. A random access system as claimed in one of claims 55 
1 to 4, wherein: 

said first and second mobile stations further 
have means for dividing transferring signal into a plu- 
rality of units, means for assigning each of said units 
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to a pre-determined time slot, means for transferring 
said each unit assigned to said predetermined time 
slot, and means for transferring data corresponding 
to a number of units when a first unit is transferred; 
and 

said base station further has means for set- 
ting a time slot in which a last unit is accepted to said 
"IDLE" state in case that said base station received 
data corresponding to said number of said units. 

6. A random access system as claimed in one of claims 
1 to 4, wherein: 

said first and second mobile stations further 
have means fordividing transferring signal intoa plu- 
rality of units, means for assigning each of said units 
to a pre-determined time slot, means for transferring 
said each unit assigned to said predetermined time 
slot and means for transferring a last unit notification 
signal which shows that a last unit is about to be 
transferred, in a previous fame; and 

said base station has means for setting a time 
slot in which said last unit is accepted to said "IDLE" 
state when said base station receives said last unit 
notification signal. 

7. A random access system for mobile communication 
comprising a base station and a mobile station 
which accesses TDMA common access channel 
generated by said base station, wherein: 

said base station has means for assigning a 
plurality of time slots of one frame to said mobile sta- 
tion; and 

said mobile station has means for communi- 
cating with said base station by using said plurality 
of time slots. 
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